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THE preexcitation syndrome was originally described by Wolff,
Parkinson, and White.' Engle,2 Schiebler and his co-workers3 and,

more recently, Swiderski and his co-workers4 are notable among many
who have since contributed to a better understanding and natural history
of this syndrome in children.

Abnormal splitting of the heart sounds has been reported in normal
children with Wolff-Parkinson-White syndrome (WPW).5 The pur-
pose of the present study is to determine whether splitting of the heart
sounds is reliable for the diagnosis of associated heart disease in patients
with WPW.

MATERIALS AND METHODS

The electrocardiograms of 4,400 patients who had been examined
in the Pediatric Cardiology Department during the preceding five years
(I962-I966) were reviewed. Six typical records that filled the electro-
cardiographic6 and vectorcardiographic7 criteria for type B WPW were
found. One case was eliminated from this study because no phono-
*Presented at a meeting of the Section on Pediatrics, January 13, 1966.
This investigation was supported in part by Public Health Service Research Grant 12.8316.
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cardiogram was available or obtainable. A routine I 2-lead scalar electro-
cardiogram was recorded in each patient. Vectorcardiograms were
obtained by the Frank system,8 employing a Sanborn vector amplifier
coupled to a Sanborn Viso-scope and photographed by a Polaroid
camera.

Phonocardiograms were taken in four patients by means of a four-
channel photographic recording system (Sanborn Model 564 Poly
Beam). In one patient the first recording was obtained by a Sanborn
Model 62 Twin Beam. Phonocardiograms were taken at 75, ioo, and
200 mm./sec. They were recorded over the apex, the 5th left intercostal
space near the sternum, the 3d left intercostal space near the sternum,
and the 2d left and 2d right intercostal space near the sternum, at fre-
quencies of 50, 100, 200, and 400 cycles per second. In Cases Nos. 4 and 5
two microphones were used simultaneously at the 5th left intercostal
space and apex or at the 2d left intercostal space and 2d right intercostal
space, in order to identify the valvular component of the heart sounds.

The phases of respiration were registered by a marker manipulated
by an observer who watched the movements of the chest.

Lead II of the electrocardiogram was taken simultaneously with the
phonocardiogram as reference. The standardization was increased (I
mV= 2 cms) in order to analyze the changes of the delta wave with
respiration.

Indirect carotidograms were taken in all cases except No. 2; WPW
was present at the time of recording. Measurements of the time interval
were made in each phonocardiographic tracing from the beginning of
the P wave to the mitral and tricuspid component of the first heart
sound and to the aortic and pulmonic component of the second heart
sound. When identification of each valvular component was not pos-
sible, the measurement was obtained from the beginning of the P wave
to the main deflection of the first or second heart sound.

As demonstrated by March and his co-workers,9 the P wave is
preferable to the Q wave as a reference point in the presence of WPW,
in view of the changes of the QRS complex in this syndrome.

The degree of splitting of the second heart sound was analyzed by
measuring the time interval between the R wave of the electrocardio-
gram and the aortic and pulmonic component of the second heart
sound. The values obtained by this method were compared with similar
measurements made by Castle and Jones10 in normal children.
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TABLE I-SUMMARY OF CLINICAL FEATURES
FIVE CHILDREN WITH TYPE B WOLFF-PARKINSON-WHITE SYNDROME

Heart sounds
Case No. Age Sex Clinical diagnosis splitting Arrhythmias

1 30 months M Normal heart Paradoxical PATt
2 6 months* F Pulmonary stenosis Single* PATt

6 years** Normal**

3 10 years M Rheumatic aortic Normal None
insufficiency

4 9 years F Rheumatic mitral Single PATt
insufficiency

5 18 months F Congenital mitral Single None
insufficiency

*Wolff.Parkinson-White syndrome present.*Wolff-Parkinson-White syndrome absent.
tParoxysmal supraventricular tachycardia.

r K AVR AVL AVF

V4R VI V2 V3 V4 V6

; i. .1. ': :' ''' ...

Fig. 1. Electrocardiogram and vectorcardiogram of Case No. 1 showing the findings
characteristic of type B Wolff-Parkinson-White syndrome.
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The duration of the mechanical systole of the right ventricle and
left ventricle was determined by measuring the distance on the phono-
cardiogram from the main deflection of the first heart sound, when the
mitral or tricuspid component could not be identified, to the aortic and
pulmonic component of the second heart sound. The result was com-
pared with the value obtained in normal subjects by Gray.1'

The interval between the beginning of the P wave and the end of
the delta wave, and the amplitude of the delta wave, were measured
in each case. Each value (see Table III) is the mean result of at least
three determinations taken on inspiration and three on expiration on
each patient.

RESULTS

Clinical Features

Table I summarizes the significant clinical findings in the five patients.

Electro-cardiographic and Vectorcardiographic Findings

The electrocardiograms were similar in configuration in all patients.
All belonged to type B WPW syndrome, according to classification of
Massie and Walsh6 (Figure I). Table II gives relevant data obtained
from the electrocardiograms and vectorcardiograms of the five patients.

Phonocardiographic Findings

First heart sound. Normal position of the mitral and tricuspid com-
ponents of the first heart sound was found in one patient. The tricuspid
component preceded the mitral component (paradoxical splitting) in
one patient. No separation of the valvular components of the first heart
sound was found in the other three patients.

Second heart sound. Physiological splitting of the second heart sound
was found in Case No. 3. In Case No. i the pulmonic component pre-
ceded the aortic component (paradoxical splitting), as shown in Figure
2. No separation between the aortic and pulmonic component was
present in Cases Nos. 4 and 5. In Case No. 2 no separation between the
aortic and pulmonic component occurred when WPW was present, but
it was possible to identify the two components when the preexcitation
syndrome had disappeared (Figure 3).

Diastolic gallop. A protodiastolic and presystolic gallop oscillations
were recorded in one patient (Case No. 4) during heart failure. Con-

Vol. 44, No. 5, May 1968



R. RODRIGUEZ-TORRES AND OTHERS

Fig. 2. Phonocardiogram of Case No. 1 recorded at 2d left intercostal space demonstrat-
ing wider separation between the aortic and pulmonic components of the second heart
sound (paradoxical splitting of the second heart sound). Note also the increase in
amplitude and duration of the delta wave on expiration compared with inspiration.

trary to what has been reported by Aravanis and his co-workers,"2 no
abnormal oscillations were consistently recorded during the time of
inscription of the delta wave.

Murmurs. Heart murmurs were heard and recorded in all five
patients, including the one who had an anatomically normal heart. In
this patient a short systolic murmur was recorded in the 3d and 4th
left intercostal spaces. The patients with rheumatic and congenital
mitral insufficiency had high frequency pansystolic murmurs at the
apex. A decrescendo high-frequency early diastolic murmur was re-
corded over the 3d left intercostal space in the patient with rheumatic
aortic insufficiency.

In Case No. 2 (pulmonary stenosis), a crescendo-decrescendo high-
frequency systolic murmur was recorded over the 2d left intercostal
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SWW S

fIn

.I:
Fig. 3. A) Phonocardiogram of Case No. 2 at the time when Wolff-Parkinson-WVhite
syndrome was present, demonstrating the presence of a single second heart sound. B)
Phonocardiogram obtained in the same patient five years later when Wolff-Parkinson-
White syndrome was absent, demonstrating the presence of physiological splitting of

the second heart sound.

space and left sternal border. This murmur was recorded with higher
amplitude when WPW was present than when it was absent.13

Duration of mechanical systole. Right and left ventricular mechanical
systole were normal in Cases Nos. I and 4; both systoles were prolonged
in Case No. S. In Case No. 2 prolonged right ventricular mechanical
systole was found when WPW was absent but not when it was present.
In Case No. 3 mechanical systole was normal in the left ventricle but
prolonged in the right ventricle. Activation of the right ventricle oc-
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Fig. 4. Tracing obtained in Case No. 3 demonstrating the increase in amplitude and
duration of the delta wave in the electrocardiogram on inspiration with diminution of

the R wave. Opposite effects are seen on expiration.

curred earlier than normal in all except Case No. 3 (Table III).
The delta wave increased in amplitude and duration during inspira-

tion and decreased on expiration in all cases (Figure 4) except No. i,
where the opposite occurred.

DIscussIoN
The existence of two types of WPW suggests two different courses

for spread of excitation and location of the preexcitation area, as postu-
lated by Rosenbaum.14 Sodi-Pallares'5 "I considers that the abnormal
focus of excitation is located in the right side of the septum, higher for
type A and lower for type B; while Hecht17 and Gamboa18 believe that
in type A the preexcitated area is localized in the left side of the inter-
ventricular septum and, in type B, in the right side of the interven-
tricular septum.

Mechanical events in the ventricles might be changed in the pres-
ence of WPW and might be detected by analysis of the splitting of the
heart sounds. Upon analyzing the sequence of ventricular contraction
in the five cases in this study, it was found that contraction of the right
ventricle occurred earlier than normal in all cases except Case No. 3.
This finding favors the concept that the location of the preexcitation
area was in the right ventricle. The absence of ventricular asynchronism
in Case No. 3, despite earlier activation of the right ventricle, may be
explained by postulating that the preexcitation area was distant from

Bull. N. Y. Acad. Med.
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the conductive system. Although earlier depolarization of this area
occurred, ventricular excitation proceeded in both ventricles through
the normal pathway.

The earlier excitation and contraction of the right ventricle in these
cases, imposed by the PXVP syndrome, with the consequent changes
in splitting of the heart sounds, would have made it difficult if not im-
possible to use splitting of the heart sounds for the diagnosis of the asso-
ciated type of heart disease.

In Case No. I there was paradoxical splitting of the heart sounds,
as also described recently by Zuberbuhler and Baversfeld5 in normal
children with type B WNTPWV syndrome.

In Case No. 2, despite the fact that the patient had mild infundibular
pulmonic stenosis, as proved by cardiac catheterization, when WPXvN
was present the second sound appeared as a single sound. The single
sound appears to have been due to earlier activation of the right ventricle
rather than to absence of the pulmonic component of the second sound,
inasmuch as five years later, in the absence of WVPW, physiological
splitting of the second heart sound was present (Figure 3).

In Case No. 3, for the reasons previously discussed, no ventricular
asynchronism was created by the XVPXV. The patient had mild aortic
insufficiency, which did not produce significant hemodynamic changes,
and physiological splitting of the heart sounds was present.

In Case No. w,vith severe mitral insufficiency, wide splitting of the
second heart sound would have been expected, as demonstrated by
Perloff and Harvey.-` This patient, however, had a single second heart
sound. Similar findings wvere present in Case No. 5, despite the presence
of moderate congenital mitral insufficiency.

In view of the lack of correlation between the splitting of the heart
sounds and the type of splitting expected from the anatomical condition
present, it was decided to correlate the splitting of the heart sounds
with different factors responsible for the creation of ventricular asyn-
chronism in WPW.

The orientation of the delta vector in the frontal plane determines
the type of ventricular conduction defect and therefore the type of
ventricular asynchronisnm.2° W\hen the splitting of the heart sounds was
correlated with the orientation of the delta vector in the frontal plane,
it was found that Case No. I, in which the delta vector had the maxi-
mum superior orientation, also presented the maximum degree of ven-
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tricular asynchronism. However, no difference in ventricular asyn-
chronism was found in Cases Nos. 2, 4, and 5, despite the different
orientation of the delta vector in this plane (Table II).

When the same correlation was made with the orientation of the
delta vector in the horizontal plane, it was found that in all patients in
whom posterior orientation was present ventricular asynchronism was
found (Cases Nos. i, 2, 4, and 5).

Case No. 3, in which the delta vector was oriented anteriorly, pre-
sented normal splitting of the heart sound. Although, as postulated by
Grant and his co-workers,20 the orientation of the delta vector in the
frontal plane seems to be significant in the production of ventricular
asynchronism, the orientation in the horizontal plane also plays a sig-
nificant role.

The variability in the duration of the P-R interval and the pro-
longation or shortening of the QRS complex (concertina effect) have
been well known since the first description by Ohnell.21 Transmission of
the depolarization wave through the A-V node and the abnormal path-
way seems to be influenced by the vagus nerve.22 Since the vagus effect
upon the heart can be studied during normal respiration,23 it was decided
to analyze the changes in amplitude and duration of the delta wave
during respiration.

The delta wave increased in duration and amplitude on inspiration
in all cases except Case No. i, in which the opposite changes occurred.
This difference of the delta wave during respiration seems to be deter-
mined by variation in the effect of the vagus nerve on the abnormal path-
way. Fox24 demonstrated that the delta wave is under the control of
the vagus nerve; the administration of atropine sulphate produced sig-
nificant decrease in the amplitude of this wave. He considered that
functional dependence between height of the delta wave and the
width of the QRS complex should exist. Lamb25 has demonstrated that
conduction through the abnormal pathway can be changed in certain
individuals by breath holding, probably through vagal influences.

In the present study it was found that in the four cases in which
the increase in amplitude and duration of the delta wave occurred on
inspiration, normal splitting of the heart sounds (Case No. 3) or single
second heart sound (Cases Nos. 2, 4, 5) was present, while in Case No. i,
in which opposite changes occurred, greater ventricular asynchronism
was present; this led to paradoxical splitting of the heart sounds.

Bull. N. Y. Acad. Med.
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Accordingly it appears that if the delta wave increases in duration
and amplitude on expiration, greater ventricular asynchronism can be
expected. A tentative explanation is offered. If the vagus nerve has the
same effect on the A-V node and on the abnormal pathway, despite the
increase in amplitude and duration of the delta wave with inspiration,
the faster transmission through the A-V node would preclude greater
ventricular asynchronism. However, if the vagus nerve has less effect
on the abnormal pathway than on the A-V node, there would be more
depolarization through the aberrant pathway with expiration, leading to
greater ventricular asynchronism.

The data presented demonstrate that splitting of the heart sounds
in WPW depends upon various factors not necessarily related to the
anatomical condition of the heart. This imposes serious limitations on
the value of splitting of the heart sounds in the diagnosis of heart disease
when WPW is present.

SUMMARY
Five children with type B Wolff-Parkinson-White syndrome were

studied. One had a normal heart. Two had congenital heart disease
(infundibular pulmonic stenosis, mitral insufficiency). Two had rheu-
matic heart disease (aortic insufficiency, mitral insufficiency).

Splitting of the heart sounds was correlated with: i) the expected
splitting of the heart sounds produced by the anatomical situation
present; 2) orientation of the delta vector in the frontal and horizontal
plane; 3) changes in amplitude and duration of the delta wave with
respiration.

It was demonstrated that each of these factors could produce changes
in the sequence of the mechanical contraction of the ventricles, with
consequent changes in the splitting of the heart sounds.

It is concluded that changes in the splitting of the heart sounds
produced by the Wolff-Parkinson-White syndrome can lead to erron-
eous diagnosis of heart disease in otherwise normal hearts as well as to
mistaken diagnosis in the presence of heart disease.
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